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Animals sense various stimuli from environment. Light is one of the essential mediators or
external information. The photosensitive molecule consists orthe chromophore retinal and an opsln,
which is a member of G-protein-coupled receptors (GPCRs). More than a thousand opsins have been
identified to date, and they are comprised or eight subfamilies based on each function･ Although sea
urchins have no visible sensory organs such as eye and nose, many reports revealed that sea urchins
can respond to various stimuli･ lt is an enlgma at Where sea urchin senses external stimuli･ Several
opsln genes Were listed by Sea Urchin Genome Project, and molecular aspect of photoreceptlOn Or
sea urchin larvae was studied in this work. Hp-ECPN, an encephalopsln Ortholog of the sea urchin
Hemicentrotus pulcherrimus, have cloned and studied. Hp-ecpn CDNA was produced and found to
contain a 1,461-bp open reading frame that encodes 486 amino acids, exhibiting many conserved
protein structures･ The Hp-ECPN protein was 〟-glycosylated, and the amino acid sequence was
similar to that of vertebrate encephalopslnS. Accumulation of Hp-ecpn mRNA and protein expression
occurred at the 14-hour post-fertilization (-hpf) swimming blastula stage and thereafter･
Whole-mount immunohistochemistry revealed the presence of Hp-ECPN in cells (ECPN cells) that
appeared initially around the tlp Of the archenteron in 20-hpf early gastrulae･ By the 54-hpf pluteus
stage, ECPN cells had spread through the aboral ectoderm, and, by the eighトarm pluteus stage, were
restricted to the tlpS Or the larval arms and the posterior end or the body･ Together with larval
swimming behavior, it is concluded that the larval arms are photoreceptlVe Organ. Although ECPN
cells distribution is similar to that orthe plgment Cells, the relationship between them was not clear･
一　36　-
The number or ECPN cells increased under conditions of continuous light, but decreased under
continuous dark, resulting ln Slight decreasing of larval swimming behavior. Knockdown of Hp-ecpn
mRNA using morpholino antisense oligonucleotides decreased the number of ECPN cells
considerably, and inhibited the vertical swimming activlty Or the larvae･ This suggested that
Hp-ECPN plays a role in photosensitive larval vertical swimming･ In adult tissues, the ECPN cells
were detected exclusively ln tube feet, supporting that the adult tube feet are photosensory organ･
Beta-arrestin was cloned from H･ pulcherrimus (Hp-arrb) to examine other photoreception
related member･ Arrestins play a role in inhibiting slgnal transduction cascade ofGPCRs･ The partial
amino acid sequence ofHpIArrb indicated high similarlty tO those of insects･ Expression of Hp-arrb
mRNA was recognized during early embryogenesis･　According to whole-mount
immunohistochemistry, Hp-Arrb cells comprised a large network in the blastocoel, and closely
associated with Hp-ECPN cells and pigment cells at the tips orlarval arms･ Also, Hp-ECPN cell were
present in the adult tube feet･ These observations suggest the presence of functional relationship to
photoreceptlOn SyStem･ Since beta-arrestin is expressed ubiquitously ln Vertebrates to interact with
varuous GPCRs, Hp-Arrb may interact not only with encephalopsin but also with other GPCRs such
as orserotonin, which is involved in ciliary beating for larval swimming･
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論文審査結果の要旨
本研究はウニ幼生の光受容体遺伝子の構造と発現パターンを解明し､光が幼生の遊泳運動に
どのように関わっているかを解明することを目的とした｡従来､ウニ幼生が光に反応するの
ではないかと推測されてきたが､光受容器官及びその分子については全く知られていなかっ
た｡そこで､ 2006年に終了したアメリカにおけるウニゲノムプロジェクトの成果の中に光
受容関連遺伝子が数種類見つかったことを受けて､大岡嗣欧氏はエンセプアロブシンに注目
した｡本研究では以下の新しい知見が得られた｡ (1)材料に用いたパフンウニにおいてエ
ンセフ･アロブシンオーソログ遺伝子の5'及び3'UTRを含んだ遺伝子配列を決定した｡ (2)
RT-PCRによってこの遺伝子の時系列的発現動態を明らかにした後､エンセフアロブシンタ
ンパク構造を演緯的に決定し､特異的な抗体を親水領域のアミノ酸配列を基にした合成ペプ
チドから作成した｡ (3)免疫組織化学と免疫ブロッテイングによって､抗体の特異性を確
認した後､エンセフアロブシンタンパクを持つ細胞(ECPN細胞)の発生過程解析から､
ECPN細胞は分化多能性を持つ二次間充織細胞由来の色素細胞グループの一部に属すことを
明らかにした｡ (4) ECPN細胞は幼生期には遊泳方向前端の幼生腕の先端と幼生体の後端に
局在化し､連続暗条件下での飼育によってその数が減少し､幼生の空間的遊泳運動が明瞭に
低下することを発見した｡ (5)エンセフアロブシン･モルフォリノ･オリゴヌクレオチド
による遺伝子活性のノックダウン解析から､連続暗条件同様にECPN細胞数が減少し､幼生
の空間的遊泳運動も厳しく阻害された｡ (6)以上から､ ECPN細胞は光条件に対応した発現
変化を示し､これが幼生の遊泳運動に関わっていることが強く示唆された｡更に､ (7)ェ
ンセフアロブシンからの情報を細胞内-と伝えるアレスチン遺伝子の部分構造を決定し､そ
のタンパク質の発現パターンを解明することで､ほ乳類細胞で知られているシグナル伝達構
造を解析した｡その結果(8)アレスチンは幼生の運動器官である繊毛帯の近傍でECPN細
胞と密接した細胞に存在することを解明した｡ (9)これによって､今後の光情報伝達経路
の解明に道筋をつけることができた｡以上の研究姿勢と成果は大岡嗣欧氏が今後自立して研
究活動を行うに必要な高度の研究能力と学識を有することを示している｡したがって,大岡
嗣欧氏提出の論文は,博士(生命科学)の博士論文として合格と認める｡
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